The fixation of potassium under moist conditions was determined by the method used by Schachtschabel and Köster (16) , and the values for exchangeable potassium refer to the results obtained in connection with this determination by the extraction of the untreated samples with 0,5 N ammonium acetate solution.
The amount of ammonium fixed in a difficultly exchangeable form largely depends on the quantity of ammonium used for the treatment, and on the conditions under which the treatment is performed, e.g. drying, time of contact and temperature (2, 6, 12 etc.). Also the cation of the salt solution used for the removal of the exchangeable ammonium plays an important role (3, 12) . Thus the ammonium fixing capacity of a soil is a conventional quantity. In this work it was determined by a modification of the method proposed by Schachtschabel (8) : 5 g of soil was shaken in 50 ml of N NH 4 CI in a centrifuge tube for one hour in two successive days, centrifuged and washed once with 25 ml of N CaCl 2 , then three times with 25 ml of 0.5 N CaCl 2 , and once with 25 ml of 0.2 N CaCl 2 . Finally, the soil was twice washed with methylated spirits, dried at 105°C, and ground. 4 .0 g of the treated sample and 4.0 g of an untreated one, respectively, were boiled in 20 ml of concentrated sulfuric acid for three hours, and the ammonium nitrogen distilled into boric acid. The difference between the N-content in the treated and untreated samples was taken to indicate the ammonium fixing capacitj' of the soil.
Results and discussion
The present material is characterized by the It may be seen that these samples represent a fairly large range in the acidity, in the content of organic carbon and in the content of clay. The mean values show the typical differences between the surface soils and the deeper layers. The content of exchangeable potassium varies in the surface soil samples quite markedly, probably owing to the fertilization; yet, the mean value is not far higher than the corresponding figure for the deeper layers.
Attention must be paid to the fact that the data for the »K fixation» do not represent values comparable with the data for »NH 4 -N fixing capacity». In the for-mer determination, only 2.5 m.e. of K was added to 100 g of soil, while the amount of NH 4 -N used for the treatment in the latter determination corresponded to 1000 m.e./100 g of soil. The period of treatment was short, only one hour, in the estimation of the K fixation, whereas the contact of the soil with the ammonium chloride solution lasted for 24 hours. On the other hand, the removal of the easily exchangeable ammonium ions was more effective than that of the potassium ions.
In the present material the values for the fixation of potassium varies from 0 to 70 per cent of the amount added, and they tend to be lower for the surface soils than for the deeper layers. The fixation seems to be of the same order as in German soils analyzed by the same method (16) , particularly, if the fact is taken into consideration that the present material also contained samples with a very low percentage of clay.
The values for »NH 4 -N fixing capacity» are probably close upon the actual maximum fixing capacity of these samples under the moist conditions, since the amount of ammonium nitrogen used for the treatment was fairly high, 140 g of N per 1 kg of soil. Therefore, the percentage of the ammonium fixed cannot be high, while the absolute figures may be marked. Yet, there are samples, both of the surface soils and of the deeper layers in which no fixation of ammonium occurred. On the other hand, some of the subsoil samples showed and exceptionally high fixing capacity, even more than 10 m.e./100 g, and also the mean value for the samples from the deeper layers corresponds to more than 3 m.e./100 g. As could be expected, the mean value for the fixing capacity of the surface soils is lower than that of the deeper layers.
From the practical points of view, the ability of the surface soil to fix ammonium nitrogen in difficultly available forms is of more importance than the corresponding phenomenon in the subsoils. If the average fixation in Finnish soils would be 1 m.e./ 100 g, or about 300 kg/ha in a layer of 20 cm, the use of ammonium nitrogen fertilizers would not be profitable. Yet, in the practice, the amount of ammonium nitrogen applied as fertilizers will never be as high as 1000 m.e./100 g or about 300 000 kg/ha mixed in a layer of 20 cm. With lower applications, the relative amount fixed will probably be higher than the average 0.1 per cent of the present material, but the absolute quantities must be far lower. Then also the fact must be taken into consideration that in the field the fertilizers are never mixed so thoroughly that the conditions could correspond to those of the laboratory determination. Further, the use of granulated fertilizers, placement, or surface dressing decrease the amount of soil with which the ammonium ions will get into contact.
In Finland no results of field experiments prove that the fixation of ammonium ions would decrease the effect of ammonium nitrogen fertilizers (8) . Also the field experiments performed in Sweden on soils known to be able to fix ammonium ions offer inadequate evidence of the importance of this phenomenon in the practice (7. 13 ).
The ammonium fixation seems to be positively correlated with the potassium fixation, the clay content and the pH of soil, and negatively correlated with the content of exchangeable potassium, although the correlation is not always close (12) . In the present material the total linear correlation coefficients between the ammonium fixing capacity and the other characteristics were the following: Some further information may be obtained by the calculation of the partial correlation coefficients between the ammonium fixing capacity and the content of clay, or pH, or the content of organic C after the elimination of the effect of the other two quantities. The elimination of the effect of pH and the content of organic C lowers the correlation between the ammonium fixing capacity and the content of clay to r = 0.472***. After the elimination of the effect of the clay content and the content of organic C, the correlation between the ammonium fixing capacity and pH disappears: r = 0.177. The partial correlation coefficient between the ammonium fixing capacity and the content of organic C is r = 0.313**, after the elimination of the effect of pH and the clay content.
The partial correlation coefficients separately calculated for the samples from surface soils or from the deeper layers do not significantly differ from the corresponding correlation coefficients for the total material. The multiple correlation coefficients are between 0.6 and 0.7 in all these cases which indicates that the linear regression technique used is fairly well suited for this material.
Since the fixation of ammonium is connected only with certain clay minerals, its association with the total content of clay may not be very close. Only in soils in which the clay fraction consists of the same minerals, this correlation could be expected to be high, a fact emphasized by Schachtschabel (15) in connection with the fixation of potassium.
There is an other factor which must be taken into consideration: the ability to fix ammonium or potassium is not limited to the clay fraction. It has been found that also the fraction between 2 and 20 fi may contain clay minerals capable of fixing (4). Schachtschabel (15) estimates the part played by the coarser fraction to be about 10 per cent of the total fixing capacity of the soil. In the present material no correlation could be found between the ammonium fixing capacity and the silt fraction, yet, in some soils the latter seems to be of importance. This may be seen from the data in Table 1 . In the profile To 1, the clay content is fairly low, except in the layer from 20 to 30 cm. Yet, in the deeper layers the ammonium fixing capacity is high, more than 6 m.e./100 g of soil. If this capacity is calculated as m.e./100 g of clay, the figures obtained are extremely high, from 25 to 35 m.e. On the other hand, these samples are rich in silt which in these parts of our country with the bedrock of mica-schist (Tohmajärvi. Eastern Finland) is known to contain more mica and iHite than do the clays from the granitic areas (18). Therefore, it seems possible that a large part of the ammonium fixing capacity in these deeper layers may be attributed to the silt fraction. Probably the silt fraction also plays an important role in the soil HP 2 where particularly the layer from 30 In spite of the fact that under laboratory conditions the ammonium fixing capacity of Finnish soils may be fairly high, even in the surface soils, the conclusion was drawn that usually under the field conditions, the fixation of ammonium ions in difficultly exchangeable form might not reduce the effect of ammonium nitrogen fertilizers to any marked degree.
